Introduction
In a study of the western wheat grass, Agropyron smwithii, the seasonal march of the total concentration of the sugar and starch fractions was found to vary inversely with the rate of growth of the herbage. The storage of these carbohydrates occurred during the declining phasof herbage growth, near the close of the annual growth cycle (2) . A subse4ent study of the seasonal march of the carbohydrates of the needle grass, Stipa pulcra, showed inverse proportionality between the rate of herbage growth and the total concenitration of the sugar and starch fractions, in both the herbage and the stem bases and roots of the plant. Carbohydrate storage was also delayed until the closing phase of the annual growth cycle (5) . In each of these grasses, one clipping treatment, applied at the onset of the interval of carbohydrate storage, resulted in a maximum diminution in these food materials in the stem bases and roots of the plant, at tlle close of the growing season.
In view of the economic importance of these facts in the management of range lands, it is obviously desirable to extend these studies to other grass species. The object of the present study therefore, was to determine: (1) the normal progress of the carbohydrate foods in the herbage and in the subterranean organs of the plant; (2) the period of food accumulation; and (3) the effect of a single harvest made at various stages of the annual growth upon the accumulation of carbohydrate food in the perennial organs of the plant.
The experimental plots were located at Ruxton, on the eastern slope of Pike's Peak, in Colorado. The immediate area was a grass covered hillside situated at the upper limit of the transition life zone, and with a gentle slope to the southeast. The soil was relatively deep on the slope, showing some rock outcrop and a loose admixture of gravel. The grasses studied were wild rye, Elymus ambiguus Vasey and Scribn., and a dropseed, Muhlenbergia gracilis Trin. These grasses were predominant on the area although there were other grasses and a sparse population of low herbs present.
At weekly intervals height growth data were secured by measuring 50 shoots, selected at random over the area. The dry weight increment was determined by drying the shoots in a ventilated oven at 650 C. (table I) . (3) .
Observations GROWTH OF THE PLANTS The annual growth of a perennial range grass shows two general periods, characterized respectively by the development of the leafy shoots and by the lengthening of the flower stalks. The growth of the vegetative shoots is at first accelerated until the maximum rate is reached, after which the rate of growth declines. During this interval the infiorescence is differentiated from the apical meristem, thus initiating the second period of growth. The growth of the flower stalks is likewise accelerated, and as the rate declines, the fruit ripens and the plant reaches maturity.
In the wild rye grass the growth of the flower stalks progressed very slowly at first, and the heads appeared generally over the plots June 20. Following the change in acceleration of the rate of growth of the flower stalks, the dry weight of the plant became greatly accelerated ( fig. 1) . Depression in the rate of increase in dry weight was apparently correlated with flowering and the production of fruit, a conditioln found also in Avena fatua (3) . As in this latter grass, the dry weight lagged behind the increase in height growth. Although the height growth had ceased on September 4, further increase in dry weight was indicated in the collection of September 18.
The growth of adventitious roots was observed July 30. This growth was completed in perhaps two weeks, after which the growth of secondary shoots began. The occurrence of new root and shoot growth during the declining phase of the annual growth cycle shows agreement with Stipa pulcr-a (5) . Alternation in growth was found also in the study of Avena fatua (3) . PARKER and SAMPSON report root growth to be more active during the "autostatic" phase in Stipa pulcra and Bromus hordeaceus (4) .
The annual growth of the plant was presumed to have been completed by September 18. At this time the fruit was in process of dissemination and the plants had assumed a characteristically mature aspect. There had also been a hard frost prior to this date. (table IV) ; lower, rate of growth of the leafy shoots in height and their increase in dry weight (table II) .
The principal growth features of Muhlenbergia gracilis were similar to those of Etymus ambiguus, although there were some differences in the time of appearance of the flower stalks and in the maturity of the fruit. Root growth, however, practically coincided in both grasses. 1, 2) . In general the trend is from low concentrations in the early part of the growinlg season to high concentrations, the maximum occurring during the declining phase of growth at the close of the annual growth cycle. The increase in these carbohydrates between June 24 and the close of the season was more than 8 per cent., based upon the dry weight of the plant. The greatest change in concentration was found in the starch fraction, which increased rapidly following the turning point in growth rate of the vegetative shoots. The fluctuations in the sucrose level were smaller than those of the starch fraction, but in both the trend was from low concentrations early in the growth cycle to high concentration at the close of the growing season. Only very slight changes occurred in the level of the reducing sugars throughout the period of observation. The variations in the acid hydrolyzable fraction, hemicellulose, were less than those of the starch fraction. A decline in the hemicellulose concentration, however, is shown at the time of flowering and the development of the fruit (table IV, fig. 1 ). fig. 3 ). (table VII) . The dates showv when the single clipping treatment was applied in each group. Following these respective dates no further clipping treatments were applied, and the stem bases and roots of each group were collected on September 6. The curve representing the normal behav7ior of the total of the sugar and starch fractions is repeated for convenience.
GROWTH OF THE PlANTS

Discussion
The annual growth cycle of Ellymus is characterized by series of developmental steps, each occurring in sequence, each involving meristem activity, and each drawving upon the available carbohydrate foods of the plant. In the order of their occurrence, the,se steps comprise the development of the leafy shoots, the initiation of the flowers, the elongation of the flower stalks, the growth of new adventitious roots, and the development and maturity of the fruit.
Although the photosynthetic area of the plant increases rapidly during the early period of herbage growth, utilization of the carbohydrate foods in respiration and in tissue building is apparently very great in proportion to the food making capacity of the herbage. Moreover, tillering occurs during this early period and the rate of growth is progressively accelerated. Carbohydrate utilization therefore continues at equal pace with the increase in leaf area and the synthesis of carbohydrate foods, and in consequence low concentrations prevail in the herbage during the early period of vegetative growth. The increase in the carbohydrate concentration coincident with the change in growth acceleration appears to be related to a decline in the rate at which these foods are utilized in the several growth processes, as well as to the increased photosynthetic area of the plant.
The march of the reducing sugars, sucrose, and starch in the stem bases and roots is inversely correlated with the rate of growth of the herbage. Previous studies have shown that the accumulations of these carbohydrates are greatly depleted within a relatively short time after the resumption of growth, following a rest period (5) . Low values continued in the basal structures during the period of accelerated shoot growth, but increases in the several fractions followed the turning point in the growth rate. The inverse correlation prevailing between growth and the carbohydrate level in the stem bases and roots is evidence of the utilization of these materials at a rate quite in excess of their production, and hence production becomes a limiting factor in the several growth processes. Root growth is seen to alternate with growth of the herbage, occurring during the "autostatic" phase of growth. The carbohydrate concentration in the stem bases and roots remained constant during root growth, suggesting that meristem activity in the roots, as well as in the herbage, tends to monopolize the available food supply of the plant (3) . With the conclusion of these growth phenomena, food accumulation was effected, the upturn of the concentration beginning on August 27 (table V, fig. 2 ).
As shown by the average height of the plants (table III) , the most complete recovery was made in the group clipped on June 24. The amount of renewed growth made by each succeeding group decreased progressively, being only appreciable in the group clipped on August 27. Since the increment values in the untreated plants were greatest during the months of June, July, and August (table I) , the external environmental factors may be presumed to have been favorable during these months. The amount of growth made by the several groups was proportional to the number of days remaining in the growing season following the clipping of each group (table III) . Food accumulation in the treated plants, as in the controls, occurs during the declining phase of growth, and both treated and untreated plants tend to reach this "autostatic" growth phase at the same time (2) . Food accumulation in Elymuts ambiguns agrees with that in Agropyron smithii, therefore, and is correlated with the amount of herbage present at the onset of the period of accumulation (2).
Renewed growth following clipping or grazing must be made at the expense of the accumulated carbohydrate foods in the stem bases and roots of the plants. Such growth is invariably followed by a diminution in the seasonal level of these foods in the storage organs (5, 3) . This decline in the seasonal carbohydrate level tends to be proportional to the rate of growth at the time the clipping treatment is applied (3) . Furthermore such diminution represents a loss of potential energy and imparts some injury to the plants. The contrast between the accumulated foods in the treated and in the untreated plants is shown graphically in figure 3. There is reason to know that such diminution in carbohydrate foods as is found in the several groups of treated plants does not necessarily result in death of the plant. The amount of these foods found in the group clipped on August 27 is sufficient to promote fair growth during a subsequent season. Such diminutions serve to prevent maximum yields, however, and to lessen the number of fruit stalks produced during the subsequent season's growth. Again the decline in food level resulting from use tends to be cumulative when treatment is repeated from year to year.
Although the longer period of growth between the clipping of the first group on June 24 and the final upturn of the food level in the stem bases and roots yielded the most favorable results in the process of accumulation of carbohydrate foods in the stem bases and roots of the plants, this fact cannot be construed to favor early use of range lands. Further carbohydrate studies have shown specific injuries imparted by clipping or grazing during the first few weeks of seasonal growth. On the other hand the total annual growth of herbage is not essential to the production and accumulation of maximum amounts of carbohydrate foods. Moreover the results of the treatments applied to the several groups show the value of the late seasonal growth in the process of carbohydrate accumulation in the stem bases and roots of the plants. 2. The seasonal march of the carbohydrates, as shown by the sum total of the sugars and starch, was found to be in inverse ratio to the rate of growth of the herbage.
